Introduction
Hereditary angioedema (HAE) is a rare disease affecting approximately one in 50,000 patients [1, 2] and is characterized by recurrent and unpredictable attacks of edema, predominantly localized to the skin, gastrointestinal tract, extremities, and upper airway. The two most common forms of HAE, caused by mutations of the SERPING1 gene, are characterized by a deficiency (type I) or non-functionality (type II) of C1 inhibitor (C1 INH) [3, 4] . However, some patients have a distinct form of HAE that is not associated with C1 INH abnormalities, HAE with normal C1 INH (HAE-nC1 INH) [5, 6] . This condition shares many of the clinical manifestations of HAE with C1 INH deficiency, including potentially fatal laryngeal swelling attacks [7, 8] . Recently, international consensus guidelines cataloguing the diagnosis and treatment of HAE-nC1 INH have been published [4, 9] .
A diagnosis of HAE-nC1 INH can be made by an identification of two known mutations in the coagulation factor XII gene. Dewald et al. [10] identified factor XII mutations in HAE-nC1 INH patients. The more common factor XII mutation causing HAE-nC1 INH is 1032C ! A (Thr309Lys) [10, 11] . A rarer factor XII mutation causing HAE-nC1 INH is 1032C ! G (Thr309Arg) [9, 10] . These mutations are useful as a diagnostic aid in approximately 20% of patients [8] . Other patients with HAE-nC1 INH have an unknown genetic cause, but can be identified through laboratory testing of plasma concentration or functionality of C1 INH, lack of effectiveness of long-term prophylaxis with high doses of anti-histamines, and a positive family history of angioedema [9, 12] .
An additional diagnostic indicator is the involvement of estrogens as a potential attack trigger [7] . The precise prevalence of HAE-nC1 INH has to date been confounded by a reliance on clinical diagnosis and the lack of a validated diagnostic test [13, 14] . However, several groups have reported disease characteristics in patients diagnosed as HAE-nC1 INH from Germany [15] , Spain [16, 17] , Italy [18] , and France [8] .
In the absence of robust clinical trial data and treatments approved by regulatory authorities, treatment of HAE-nC1 INH is based on clinical experience with the more common forms of HAE with C1 INH deficiency and with therapies that either directly or indirectly modulate bradykinin metabolism [4] . Icatibant, a bradykinin-2 receptor antagonist, is approved in the EU, the US, and some other countries and regions for symptomatic treatment of acute HAE attacks in patients with HAE with C1 INH deficiency based on data from three Phase III trials [19, 20] . Although icatibant is not approved for use in patients with HAE-nC1 INH, case reports and series describing the off-label use of icatibant in these patients have previously been reported [17, 21, 22] .
The Icatibant Outcome Survey (IOS) is an international, prospective observational study documenting safety and clinical outcomes for HAE patients who received at least one dose of icatibant (NCT01034969). The IOS thus provides an opportunity to evaluate icatibant treatment outcomes in patients with HAE-nC1 INH in the real-world setting. The aim of this study was to compare the disease characteristics and outcomes of acute icatibant-treated angioedema attacks between patients with HAE-nC1 INH in Grenoble center (France) and patients with HAE with C1 INH deficiency (type I) or dysfunction (type II) in the French population.
Materials and Methods
The IOS is conducted in accordance with the Declaration of Helsinki and the International Conference on Harmonisation of Good Clinical Practice Guidelines. The protocol was approved by local ethics committees and/or health authorities, and patients provided written informed consent. Analyses included data from French patients enrolled in IOS with a diagnosis of HAE with C1 INH deficiency (type I) or dysfunction (type II) and HAE-nC1 INH who had been treated with HCP-or self-administered icatibant between July 2009 and September 2013.
The design of IOS has been described previously [23] [24] [25] [26] [27] [28] . In brief, symptomatic patients were diagnosed at enrollment with HAE type I (C1 INH deficiency) or II (normal levels of C1 INH, but with dysfunctional protein). The distinction between types I and II HAE was made on the basis of family history and HAE type II was diagnosed in symptomatic patients by testing C1 INH concentration and function. In this case, if C1 INH level was normal or above normal (15-50 mg/dL) and function was below normal levels (i.e., <70-130%), then patients received an HAE type II diagnosis [27] . For HAE-nC1 INH (normal C1 INH level and function), a diagnosis was made in symptomatic patients if C1 INH level was normal or above normal (15-50 mg/dL) and function was normal or above normal levels (i.e., 70-130%). In addition, for an HAE-nC1 INH diagnosis, there was evidence that conventional treatment with antihistamines and corticosteroids was unsuccessful, and there was either a confirmed Factor XII mutation or family history of HAE [9] . All data from patients was collected at the time of enrollment and follow-up visits at 6-month intervals [28] . Outcome measures included patient demographics and angioedema attack characteristics, including frequency, location, and severity of attack. In the IOS, attack severity was either classified as mild (i.e., only results in a mild interference in day-to-day activities), moderate (i.e., causes moderate interruption with day-to-day activities without the need for other countermeasures), severe (i.e., the effect on daily activities is severe and may require other countermeasures), or very severe (i.e., the effect on daily activities is very severe, and countermeasures are necessary). Icatibant treatment outcomes included validated measures of time to administration (from symptom onset to first subcutaneous icatibant injection), time to resolution (duration from icatibant injection to complete symptom resolution), and attack duration (time from symptom onset to complete symptom resolution) (Fig. 1) . Treatment outcome data are reported from patients who provided complete information on time to administration, time to resolution, and duration of attack. Safety and tolerability of icatibant treatment were evaluated as per MedDRA (Version 12).
Statistical analysis
Patient demographics, attack characteristics, and safety outcomes are summarized descriptively. Comparison of time to administration, time to resolution, and attack duration was performed using a mixed-model analysis of repeated measures (Proc Mixed: SAS Institute, Cary, NC, USA). The Chi-square test was used for the comparison of percentages and the level of statistical significance selected was a ¼ 0.05.
Results
One hundred and fifty-three patients and seven patients from 15 centers across France had HAE with C1 INH types I and II, respectively, while 22 patients from a single site in Grenoble (France) had HAE-nC1 INH. The number of patients recorded with deficient C1 INH type I (84%) is greater than the number with type II (4%) or normal C1 INH (HAE-nC1 INH) (12%). Previously reported proportions for type I, type II, and normal C1 INH are about 85%, 15%, and <1%, respectively [23, 25] . Obtaining equal numbers of HAE patients is both impractical and an unrealistic representation of the HAE population. Interestingly, in this French cohort, the number of patients with HAE-nC1 INH outweighed those with type II. The IOS registry, however, is ongoing, and so in the future, these numbers may vary as more accurate HAE diagnoses are made. Patients with a diagnosis of HAE-nC1 INH were predominantly female (81.8%). Patient demographics are described in Table 1 . All 22 symptomatic patients in this study who were identified to have normal C1 INH, had a confirmed family history of HAE but did not have a genetic C1 INH deficiency suggesting that they had normal C1 INH activity in their plasma. Sixteen of these patients were tested for the presence of a Factor XII (FXII) mutation and four of these patients were confirmed as having this mutation (confirmed as a large deletion or rearrangement in the FXII gene) and nine of these patients were found to not have the FXII mutation. Out of the remaining 3/16 patients that were tested for the FXII mutation, one patient had a single nucleotide polymorphism (c.2399C>A) in the gene encoding aminopeptidase P that has previously been shown to be associated with increased levels of bradykinin [29] , one patient did not have a large deletion or rearrangement in the FXII gene but had the p.Thr328Lys variant in FXII which is associated with higher FXII amidolytic activity [11, 30] , and one patient had an unknown genetic cause.
Attack characteristics
Data enabling evaluation of icatibant-treated attack characteristics was available for 61 patients (214 attacks) with HAE with C1 INH deficiency (type I), three patients (11 attacks) in the HAE with C1 INH dysfunction (type II) group, and 10 patients (90 attacks) in the HAE-nC1 INH group ( Table 2) . The proportion of severe/very severe attacks was lower for patients with HAE type I (86.4%) than HAE-nC1 INH (94.7%). Attack characteristics were only recorded for two out of 11 attacks in HAE type II patients, one of which was classed as severe or very severe. Icatibant was predominantly self-administered in both the HAE-nC1 INH and HAE type I groups. A single icatibant injection was administered in 78.6% of attacks in patients with HAE type I with 18.9% of Patients with HAE type II experienced attacks predominantly involving the skin (70.0%) and had no attacks on the larynx (Fig. 2) .
Icatibant treatment outcomes
Time to administration Data for time to administration, time to resolution, and attack duration were available for 28 patients with HAE type I (67 attacks) and five HAE-nC1 INH patients (37 attacks).
Patients with HAE-nC1 INH reported a faster median time to administration with a median (Q1, Q3) of 2.0 h (0.8, 3.5) compared with 3.5 h (1.0, 10.5) for patients with HAE type I, respectively, however, this difference was not significant (P ¼ 0.233; Fig. 3 ). Time to resolution was significantly faster for patients with HAE type I compared to the HAE-nC1 INH Fig. 4 ).
Time to resolution by attack severity Time to resolution of attacks deemed to have either a severe or very severe impact on daily function was available for 24 patients with HAE type I (61 attacks) and five HAE-nC1 INH patients (34 attacks). The median (Q1, Q3) time to resolution in patients with HAE type I versus HAE-nC1 INH was 14.0 (3.5, 30.6) h versus 23.5 (8.0, 43.5) h, respectively (P ¼ 0.051; Fig. 5 ).
Safety and tolerability
A total of 23 patients with HAE type I reported 35 adverse events (AEs) ( Table 3) . Of these, five AEs from two patients were considered related to icatibant treatment. For patients with HAE type II, a total of seven patients reported only one adverse event in one patient, none of which were considered related to the study drug. In the HAE-nC1 INH group, 11 patients reported 44 AEs. Of these, three AE from two patients were considered related to icatibant treatment. No serious AEs related to icatibant treatment were reported for either group and no deaths were reported.
Discussion
We compared demographic, clinical characteristics, and icatibant-treatment outcomes of French patients with HAE with C1 INH deficiency or dysfunction (types I and II) and those with HAE-nC1 INH.
The results confirm previous findings that HAE-nC1 INH predominantly affects women [6, 14] . The earlier age of onset of symptoms in patients with HAE with C1 INH deficiency correspond with data reported from 193 French patients [31] . The later onset of clinical symptoms in patients in the HAE-nC1 INH group, are similar to those reported in a series of 138 patients in Germany [15] .
Patients with HAE-nC1 INH differed significantly from patients with HAE with C1 INH deficiency or dysfunction (types I and II) with respect to an increased rate of abdominal attacks in the former group. This is a higher proportion than that reported by Bork et al. [15] . A higher number of laryngeal attacks were noted in the HAE-nC1-INH group and confirms previous data [21] . It is important to note that the IOS also registered angioedema attacks in other patients that were associated with conditions such as acquired angioedema (i.e., unassociated with hereditary angioedema), but these are not within the remit of this study. Figure 2 represents data on attacks that are treated with icatibant and does not include information on untreated attacks as these only involved a limited number of patients and is not within this study's remit. The icatibant treatment outcomes in this study are consistent with previous reports of small case series in patients with HAE-nC1 INH [17, 21, 22] . The present study confirms and extends our previously reported open-label, prospective evaluation of the effectiveness of icatibant in the treatment of eight patients with HAE-nC1 INH, and seven patients with HAE type I [21] . In 2009, we first reported the resolution of symptoms within 1-2 h following acute icatibant treatment of abdominal attacks in three female HAE-nC1 INH patients [22] .
While HAE-nC1 INH patients initiated icatibant treatment slightly earlier compared to patients with HAE type I, the former reported a significantly longer time to complete resolution of attack. At this time, we have no explanation for this difference. Severe attacks are more frequent in HAE-nC1 INH patients. When we compared the duration of severe attacks between the two groups, we still found a longer time to complete resolution. The difference is almost significant (0.051). The IOS study is ongoing and new prospective data may help us to better understand this difference.
Safety outcomes of the use of icatibant in HAE-nC1 INH patients are consistent with the established safety profile of icatibant in patients with HAE with C1 INH deficiency [19, 20] and previous reports of safety in patients with HAE-nC1 INH [17, 21, 22] .
Limitations of the IOS include the lack of random assignment to treatment and a comparator and the reliance on patient reporting in which mild or moderate attacks may be under-reported. A further IOS limitation was the data collection process where individual patient data were collected for variable durations that were deemed to be appropriate by both the physician and the patient. While patients participated in the registry, data were collected during routine patient visits. Physicians were asked to enter comprehensive baseline data at the time of patient enrollment, to perform follow-up assessments and to update patient data in the registry on an ongoing basis and at a minimum of 6-month intervals. Other study limitations include the fact that HAE-nC1 INH is diagnosed only clinically with no known biomarkers to date, and that four of these patients had a factor XII mutation, with the remaining of these patients identified as having a family history only.
Overall, this study provides real world data to further characterize HAE-nC1 INH in the French population. These data support the hypothesis that although icatibant is not yet an approved drug for HAE-nC1 INH, it may be a potentially safe and effective option for treating patients with this condition. 
